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(57) ABSTRACT

A vent structure includes: a first housing component having
an opening portion for ventilation; a gas-permeable mem-
brane that 1s attached to the first housing component to close
the opening portion; and a laser welding portion that joins
the first housing component with the gas-permeable mem-
brane. The gas-permeable membrane includes a main body
including a fluororesin film and a porous resin sheet that 1s
laid on the main body. The porous resin sheet 1s located on
the surface side of the vent structure. Both of the main body
and the outer peripheral portion of the porous resin sheet that
projects outwardly from the main body are fixed to the first
housing component by the laser welding portion.
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VENT STRUCTURE AND METHOD OF
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vent structure and a
method of manufacturing the vent structure.

2. Description of Related Art

A vent member 1s installed 1n a housing for accommo-
dating electrical components of an automobile, such as
lamps, sensors, and an ECU. Such a vent member is
intended to ensure the ventilation between the interior and
the exterior of the housing and to block the entry of foreign
substances 1nto the housing. An example of such a vent
member 1s disclosed 1 JP 2004-47425 A.

A vent member disclosed 1n JP 2004-47425 A includes a
supporting body 103, a gas-permeable membrane 102 dis-
posed on the supporting member 103, and a protecting
portion 104 fitted 1n the supporting member 103 to cover the
gas-permeable membrane 102, as shown 1n FIG. 11. Such a
vent member 101 1s fixed to an opening portion 107 of a
housing 106 with an O-ring 105. A gas passes through the
gas-permeable membrane 102, which ensures the ventilation
between the interior and the exterior of the housing 106. The
protecting portion 104 prevents the gas-permeable mem-
brane 102 from being damaged by external force (for
example, a water jet used for car washing) or from having
decreased gas permeability due to the accumulation of dust.

SUMMARY OF THE

INVENTION

In the conventional vent member shown i1n FIG. 11, the
gas-permeable membrane 102 i1s fixed to the supporting
member 103 typically by heat welding or ultrasonic weld-
ing. A welding horn has to be in contact with the gas-
permeable membrane 102 to perform heat welding or ultra-
sonic welding. Therefore, the gas-permeable membrane 102
may be damaged unexpectedly by the horn. If the horn 1s
contaminated, defects such as insuthicient welding could
occur. In addition, the design of the vent member has to be
taken into consideration to facilitate the welding process.
For example, in the vent member shown in FIG. 11, the
protecting portion 104 and the supporting member 103 are
separate components.

Furthermore, with a recent trend toward miniaturization
of various types of products, vent members have been
reduced 1n height. An easy way to reduce the height of the
vent member shown i FIG. 11 1s to omit the protecting
portion 104, but if the protecting portion 104 1s omitted, the
gas-permeable membrane 102 1s damaged and 1ts gas per-
meability 1s more likely to be impaired.

In view of these circumstances, an object of the present
invention 1s to provide a vent structure having both dura-
bility and gas permeability.

The present invention provides a vent structure including;:
a resin component having an opening portion for ventilation;
a gas-permeable membrane that 1s attached to the resin
component to close the opening portion, the gas-permeable
membrane having: a main body including a fluororesin film;
and a porous resin sheet that 1s laid on the main body; and
a laser welding portion that 1s formed around the opening
portion to lie between the resin component and the gas-
permeable membrane and that joins the resin component
with the gas-permeable membrane. In this vent structure, the
porous resin sheet 1s located on a surface side of the vent
structure, and both of the main body and an outer peripheral
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portion of the porous resin sheet that projects outwardly
from the main body are fixed to the resin component by the

laser welding portion.

In another aspect, the present invention provides a method
of manufacturing a vent structure including: a resin compo-
nent having an opening portion for ventilation; and a gas-
permeable membrane that 1s attached to the resin component
to close the opening portion, wherein the gas-permeable
membrane has: a main body including a fluororesin film; and
a porous resin sheet that 1s laid on the main body. This
method includes the steps of placing the gas-permeable
membrane on the opening portion of the resin component so
that the porous resin sheet 1s located on a surface side of the
vent structure to be manufactured; and wrradiating an inter-
face between the resin component and the gas-permeable
membrane with a laser beam so that a laser welding portion
1s formed around the opening portion to fix, to the resin
component, both of the main body and an outer peripheral
portion of the porous resin sheet that projects outwardly
from the main body.

According to the vent structure of the present invention,
the resin component and the gas-permeable membrane are
joimed together by the laser welding portion. Therefore, the
gas-permeable membrane 1s less likely to be damaged 1n the
welding step. Since the porous resin sheet 1s located on the
surface side of the vent structure, the main body including
the fluororesin film can be protected with the porous resin
sheet. The gas-permeable membrane used in the present
invention 1s a combination of the fluororesin film and the
porous resin sheet. Therefore, even 11 the water resistance of
the porous resin sheet 1s low, the fluororesin film can ensure
the water resistance required for the gas-penneable mem-
brane. In addition, since both of the main body and the outer
peripheral portion of the porous resin sheet are fixed to the
resin component by the laser welding portion, they are not
detached easily from the opening portion of the resin com-
ponent. As described above, the present invention can pro-
vide a vent structure having high gas permeability, water
resistance and durability (pressure resistance).

According to the manufacturing method of the present
invention, since the gas-permeable membrane and the resin
component are joined together by laser welding, which 1s a
non-contact welding technique, damage to the gas-perme-
able membrane can be reduced. It 1s thus possible to
manufacture easily a vent structure capable of maintaining,
high gas permeability, water resistance and durability for a
long period of time.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 15 a perspective view of an entire housing having
a vent structure according to the first embodiment of the
present invention.

FIG. 2 1s a cross-sectional view of the vent structure
shown 1 FIG. 1.

FIG. 3 1s a cross-sectional view of a main body of a
gas-permeable membrane.

FIGS. 4A to 4C are diagrams showing a manufacturing
procedure of the vent structure shown 1n FIG. 2.

FIGS. 5A to 5C are diagrams showing another manufac-
turing procedure of the vent structure shown i FIG. 2.

FIG. 6 1s a cross-sectional view of a modified vent
structure according to the first embodiment.

FIG. 7 1s a cross-sectional view of a vent structure
according to the second embodiment.

FIG. 8 1s a cross-sectional view of another vent structure
according to the second embodiment.
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FIGS. 9A to 9C are diagrams showing a manufacturing
procedure of the vent structure shown 1n FIG. 7.

FIG. 10 1s a diagram illustrating a water resistance test
method.
FIG. 11 1s a side view of a conventional vent member.

DETAILED DESCRIPTION OF TH.
INVENTION

(1]

First Embodiment

FIG. 1 1s a perspective view of an entire housing having
a vent structure according to an embodiment of the present
invention. FIG. 2 1s a cross-sectional view of the vent
structure shown in FIG. 1. As shown 1n FIG. 1, a housing
200 includes a gas-permeable membrane 6, a first housing
component 11 (an upper part of the housing), and a second
housing component 12 (a bottom part of the housing). A vent
structure 13 1s formed of the gas-permeable membrane 6 and
the first housing component 11. The gas-permeable mem-
brane 6 allows air and water vapor to come 1n and go out of
the housing 200, while preventing foreign substances such
as liquid and dust from entering the housing 200. These
functions of the gas-permeable membrane 6 allow the atmo-
sphere inside the housing 200 and the atmosphere outside
the housing 200 to be kept in the same state, without
allowing foreign substances to enter the housing 200.

As shown 1n FIG. 2, the vent structure 13 has the
gas-permeable membrane 6, the first housing component 11
to which the gas-permeable membrane 6 1s attached, and a
laser welding portion 7 that joins the gas-permeable mem-
brane 6 with the first housing component 11. The first
housing component 11 serves as a supporting body for
supporting the gas-permeable membrane 6. The first housing
component 11 has an opening portion 11/ for ventilation
between the interior and the exterior of the housing 200
(FIG. 1). The gas-permeable membrane 6 1s attached to the
first housing component 11 to close the opening portion 11/.
The laser welding portion 7 has a ring shape in a plan view,
and 1s formed around the opening portion 11/ to lie between
the first housing component 11 and the gas-permeable
membrane 6.

The gas-permeable membrane 6 has a main body 2
including a fluororesin film and a porous resin sheet 3 that
1s laid on the main body 2. In the present embodiment, the
porous resin sheet 3 1s provided on only one side of the main
body 2. The gas-permeable membrane 6 1s fixed to the first
housing component 11 so that the porous resin sheet 3 1s
located on the surface side of the vent structure 13 (on the
side farther away from the first housing part 11) and the first
housing component 11 and the main body 2 are 1n contact
with each other. That 1s, the main body 2 1s covered with the
porous resin sheet 3. The gas-permeable membrane 6 typi-
cally has a circular shape, but 1t may have another shape
such as a square as long as 1t can close the opening portion
114.

In the present embodiment, the porous resin sheet 3 has an
outer peripheral portion 3g that projects outwardly in the
in-plane direction from the main body 2. The outer edge of
the main body 2 1s covered with the outer peripheral portion
3¢ of the porous resin sheet 3. More specifically, the area S1
ol the porous resin sheet 3, the area S2 of the main body 2,
and the opening areca S3 of the opening portion 11/ satisty
the relationship of S1>82>83, and the main body 2 1s fitted
entirely 1n the porous resin sheet 3 1n a plan view. That 1is,
in the present embodiment, the main body 2 1s covered
completely with the porous resin sheet 3. Both of the outer
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peripheral portion 3g of the porous resin sheet 3 and the
main body 2 are fixed to the first housing component 11 by
the laser welding portion 7. With such a configuration, the
main body 2 can be protected reliably with the porous resin
sheet 3.

The laser welding portion 7 includes an mner periphery
welding portion 4 that 1s formed between the first housing
component 11 and the main body 2 and an outer periphery
welding portion 14 that 1s formed between the first housing
component 11 and the outer peripheral portion 3g of the
porous resin sheet 3. Both of the mner periphery welding
portion 4 and the outer periphery welding portion 14 have a
ring shape 1n a plan view. That 1s, the laser welding portion
7 has a double-ring shape (typically a double-circle shape)
in a plan view. The laser welding portion 7 configured as
described above achieves the high-strength joint between the
gas-permeable membrane 6 and the first housing component
11 and also achieves the high durability of the vent structure
13 against pressure applied 1n the in-plane direction. Even 11
a defect such as peeling occurs in one of the iner periphery
welding portion 4 and the outer periphery welding portion
14, the other welding portion can counteract the defect.
Therefore, the reliability of the vent structure 13 also 1s
enhanced.

In the gas-permeable membrane 6, the main body 2 and
the porous resin sheet 3 may be integrated together, but need
not be mtegrated. This 1s because the laser welding portion
7 fixes the main body 2 and the porous resin sheet 3
individually to the first housing component 11. That 1s, the
present embodiment provides a high degree of flexibility in
the manufacturing procedure.

The main body 2 and the
porous resin sheet 3 can be integrated together by a known
technique such as heat lamination.

As shown in FIG. 3, the main body 2 of the gas-permeable
membrane 6 has a fluororesin film 2a¢ and a reinforcing
member 25 provided on one side of the fluororesin film 2a.
In the case where the remnforcing member 256 1s located
closer to (in contact with) the first housing component 11,
the reinforcing member 26 1s laser-welded to the first
housing component 11. Therefore, damage caused by the
welding 1s prevented from aflecting the fluororesin film 2a.
The reinforcing member 256 may be provided on both sides
of the fluororesin film 2a, or may be omitted. In the case
where the reinforcing member 25 1s omitted, the fluororesin
film 2a 1s laser-welded directly to the first housing compo-
nent 11.

The fluororesin film 2a 1s a film having gas permeability,
and typically 1s a porous membrane. Examples of the
fluororesin that can be used for the fluororesin film 2a
include polytetrafluoroethylene (PTFE), polychlorotrifluo-
rocthylene, a copolymer of tetratluoroethylene and
hexafluoropropylene, and a copolymer of tetrafluoroethyl-
ene and ethylene. Among them, the most preferable 1s PI1FE
because 1t can ensure high gas permeability with a small area
and has a high ability to block the entry of foreign sub-
stances 1nto the housing 200. A porous P1FE membrane can
be produced by a known formation technique such as
stretching or extraction. The fluororesin film 2a may be
subjected to o1l repellent treatment or water repellent treat-
ment.

The reinforcing member 256 1s a member made of a resin
such as polyester, polyethylene, polypropylene, or aramid.
The presence of the reinforcing member 25 facilitates the
handling of the fluororesin film 2a. The configuration of the
reinforcing member 26 1s not particularly limited as long as
it can maintain the gas permeability of the gas-permeable
membrane 6. Examples of the remnforcing member 256
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include woven fabrics, nonwoven fabrics, nets, and meshes.
Typically, 1t 1s a nonwoven fabric.

The fluororesin film 2a and the reinforcing member 25
may be laminated by heat lamination, or may be laminated
using an adhesive. Preferably, the fluororesin film 2a and the
reinforcing member 26 are laminated via a welding portion
or a bonding portion that 1s dispersed uniformly in the plane.
When the welding portion or the bonding portion covers, for
example, 5 to 20% of the entire area, water resistance 1s less
likely to decrease to an insuflicient level or peeling is less
likely to occur.

In view of the strength of the main body 2 and the easier
fixing of 1t to the first housing component 11, the thickness
of the main body 2 may be 1n a range o1 0.02 to 1.0 mm (or
0.05 to 0.2 mm). The gas permeability of the main body 2
may be in a range of 0.1 to 500 sec/100 cm” in terms of a
Gurley number measured by a Gurley tester according to JIS
P811°7. The water entry pressure may be at least 1.0 kPa.

As described with reference to FIG. 11, the conventional
vent member 1s provided with a member for protecting the
gas-permeable membrane 1n order to prevent the gas-per-
meable membrane from being damaged due to a direct
impact from foreign substances such as water droplets. In
contrast, in the present embodiment, the main body 2 1is
protected with the porous resin sheet 3. Therefore, even 1t
the gas-permeable membrane 6 1s not covered with another
member, the gas-permeable membrane 6 1s less likely to be
damaged. The omission of the other member for covering
the gas-permeable membrane 6 allows a reduction in the
number of components and a reduction 1n the height of the
vent structure. In the vent structure 13 shown 1n FIG. 2, a
member for covering the gas-permeable membrane 6 may be
provided, of course. In order to avoid having the gas-
permeable membrane 6 project from the surface of the first
housing component 11, a shallow recess may be formed in
the first housing component 11 so that the opening portion
11/ 1s formed 1n the recess.

The porous resin sheet 3 1s a sheet composed of a different
type of resin from the resin of the fluororesin film 2a. The
porous resin sheet 3 may be made of a resin having a lower
melting point than the fluororesin that constitutes the tluo-
roresin film 2a. This 1s because the main body 2 and the
porous resin sheet 3 can be integrated together easily by heat
lamination. The thickness of the porous resin sheet 3 1s not
particularly limited, but it may be 1n a range of 0.02 to 3.0
mm (or 0.05 to 1.0 mm). In terms of ensuring suflicient
strength, 1t 1s better that the thickness of the porous resin
sheet 3 15 greater than that of the main body 2. The porous
resin sheet 3 further 1s required to have high gas permeabil-
ity. An example of the porous resin sheet 3 that can meet
such requirements 1s an ultra-high molecular weight poly-
cthylene porous sheet.

As stated herein, “ultra-high molecular weight polyeth-
ylene” 1s polyethylene having an average molecular weight
of at least 500,000. The average molecular weight of ultra-
high molecular weight polyethylene usually 1s 1n a range of
2,000,000 to 10,000,000. The average molecular weight can
be measured by, for example, a method (viscosity method)
according to ASTM D4020. Hereinatter, ultra-high molecu-
lar weight polyethylene 1s referred to as “UHMWPE” for
abbreviation.

A UHMWPE porous sheet as the porous resin sheet 3 can
be produced from a sintered compact of UHMWPE powder.
The sintered compact of UHMWPE powder can be obtained
by sintering UHMWPE powder (with an average particle
diameter of 30 to 200 um) filled 1n a mold at around a
melting point of UHMWPE (for example, 130 to 160° C.).
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The resulting sintered compact usually 1s 1n a block form. A
UHMWPE porous sheet 1s obtained by cutting the block of
the sintered compact into a sheet form. The UHMWPE
porous sheet obtained by this production method (powder
sintering method) has a porosity of 20 to 50%.

The UHMWPE porous sheet produced from the sintered
compact of UHMWPE powder not only has excellent prop-
erties of UHMWPE such as chemical resistance, abrasion
resistance, and releasability, but also 1s imparted with addi-
tional properties such as gas permeability, cushioning prop-
erties, and slidability because of 1ts porous structure. In the
present embodiment, the position of the gas-permeable
membrane 6 with respect to the first housing component 11
1s determined so that the porous resin sheet 3 1s located on
the surface side of the vent structure 13 (more specifically,
so that the porous resin sheet 3 1s exposed on the surface).
Therefore, the excellent chemical resistance of the porous
resin sheet 3 1s favorable for the vent structure 13 of the
present embodiment. The high slidability of the porous resin
sheet 3 reduces the adhesion of foreign substances to the
gas-permeable membrane 6.

In addition, the UHMWPE porous sheet 1s harder and has
higher strength than a polyethylene nonwoven fabric that 1s
a commonly used reinforcing material. Compared with a
polyethylene nonwoven fabric having the same strength, the
porous UHMWPE sheet 1s incomparably thinner and has
higher gas permeability. In the case where a cover for
protecting the gas-permeable membrane 6 1s not provided,
since the gas-permeable membrane 6 1s exposed directly to
the outside atmosphere (for example, an engine room of an
automobile), the gas-permeable membrane 6 1itsell 1s
required to have suflicient physical strength. In order to
obtain sutlicient strength in a conventional reinforcing mate-
rial such as a polyethylene nonwoven fabric, a considerable
thickness 1s necessary, which may sacrifice the gas perme-
ability. In contrast, the UHMWPE porous sheet has an
advantage that 1t can achieve a high level of strength and gas
permeability at the same time.

In the case where the UHMWPE porous sheet 1s used as
the porous resin sheet 3, a welding structure as shown in
FIG. 2 1s highly eflective. This 1s because it 1s relatively
difficult to determine the heating conditions and pressing
conditions for the heat lamination of the UHMWPE porous
sheet and the main body 2. When a relatively thick UHM-
WPE porous sheet 1s used 1n view of strength, heat tends not
to be transierred between the UHMWPE porous sheet and
the main body 2, which may cause incomplete lamination.
On the other hand, excessive heat and pressure should not be
applied because they damage the UHMWPE porous sheet
and the main body 2. In the present embodiment, since the
heat lamination of the main body 2 and the porous resin
sheet 3 can be omitted, such problems can be eliminated. In
the case where the heat lamination of the main body 2 and
the porous resin sheet 3 1s omitted, the porous resin sheet 3
merely 1s laid on the main body 2 at least 1n a region facing
the opening portion 11/%. Therefore, 1n this region, the
intrinsic properties of the main body 2 and the porous resin
sheet 3, such as gas permeability, water resistance, and
durability, can be exhibited without being aflected by heat
lamination.

Next, the first housing component 11 and the second
housing component 12 are resin components that constitute
the housing 200, and are made of a resin having a lower
melting point than the fluororesin that constitutes the fluo-
roresin film 2a (FIG. 3) to form the laser welding portion 7.
Specific examples of the material for the housing compo-
nents 11 and 12 include thermoplastic resins and elastomers.
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Examples of the thermoplastic resins imnclude PBT (polybu-
tylene terephthalate), PET (polyethylene terephthalate), PPS
(polyphenylene terephthalate), PSU (polysulione), PP (poly-
propylene), PE (polyethylene), and ABS (acrylonitrile-buta-
diene-styrene copolymer). Examples of the elastomers
include chloroprene rubber, 1soprene rubber, styrene-buta-
diene rubber, and rubber compositions containing natural
rubber as a main component. The housing components 11
and 12 can be produced using these resins by a known
molding technique such as mjection molding.

The housing components 11 and 12 further may contain
materials such as a pigment, a reinforcing filler, and other
additives. Specific examples of the pigment include carbon
black and titanitum white. Specific examples of the reinforc-
ing filler include glass particles and glass fibers. Specific
examples of the other additives include a water-repellent
agent and an insulating material. When the first housing
component 11 has a dark color such as black or dark brown,
it absorbs laser light well, and the laser welding portion 7
can be formed 1n a short time. Therefore, the first housing
component 11 preferably contains a pigment such as carbon
black. On the other hand, it 1s desirable that the color of the
gas-permeable membrane 6 (specifically, the color of the
fluororesin film 2a and the color of the porous resin sheet 3)
be a color that 1s relatively hard to absorb laser light with a
predetermined wavelength, for example, white, translucent,
or transparent. Typically, the gas-permeable membrane 6
does not contain a black pigment such as carbon black.

Next, a method of manufacturing the vent structure shown
in FIG. 2 will be described with reference to FIGS. 4A to 4C.

As shown in FIG. 4A, first, the gas-permeable membrane
6 and the first housing component 11 are prepared, and the
gas-permeable membrane 6 1s placed on the opening portion
11/ of the first housing component 11. The first housing
component 11 and the gas-permeable membrane 6 are
positioned so that the opening portion 1172 of the first
housing component 11 1s closed by the gas-permeable
membrane 6. More specifically, the gas-permeable mem-
brane 6 1s placed on the opening portion 11/ of the first
housing component 11 so that the porous resin sheet 3 1s
located on the surface side of the vent structure 13 (or the
housing 200) to be manufactured. With such a configuration,
since the main body 2 1s sandwiched between the first
housing component 11 and the porous resin sheet 3, the main
body 2 can be protected reliably with the porous resin sheet
3.

In the gas-permeable membrane 6, the main body 2 and
the porous resin sheet 3 may be laminated previously by heat
lamination, but they need not be laminated, as shown in the
diagram. In the case where the main body 2 and the porous
resin sheet 3 are laminated previously, the gas-permeable
membrane 6 can be handled easily. In the case where they
are not laminated previously, the number of steps 1s reduced,
and thus an increase 1n the productivity can be expected. In
addition, since the main body 2 and the porous resin sheet
3 are prevented from being damaged by heat lamination, the
intrinsic performance of the main body 2 and the porous
resin sheet 3 can be reflected 1n the gas-permeable mem-
brane 6.

As shown 1n FIG. 4B, a light-transmissive j1g 9 having an
opening portion 9/ for heat radiation preferably 1s used as a
11g for maintaining the positional relationship between the
gas-permeable membrane 6 and the first housing component
11. The gas-permeable membrane 6 1s sandwiched between
the light-transmissive jig 9 and the first housing component
11 so that the gas-permeable membrane 6 1s exposed through
the opening portion 9/2. A specific example of the light-
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transmissive j1g 9 1s a glass plate having a flat surface as a
surface that 1s to be brought into contact with the gas-
permeable membrane 6. The use of this light-transmissive
11g 9 prevents the gas-permeable membrane 6 from being
damaged.

The gas-permeable membrane 6 1s pressed firmly with the
light-transmissive j1g 9 so that the gas-permeable membrane
6 and the first housing component 11 are in close contact
with each other. For example, the gas-permeable membrane
6 1s pressed so that a pressure of 0.01 to 10 MPa (or 0.1 to
5.0 MPa) 1s applied to the gas-permeable membrane 6
(specifically, a region to be wrradiated with a laser beam),
although this may vary depending on the dimensions of the
gas-permeable membrane 6. When laser welding 1s carried
out while applying a suitable pressure, the gas-permeable
membrane 6 and the first housing component 11 can be
joined together firmly. Care should be taken for the upper
limit of the pressure applied 1n order to avoid a decrease 1n
the gas permeability.

Next, as shown 1n FIG. 4C, the interface between the gas
permeability 6 and the first housing component 11 1s 1rra-
diated with a laser beam LB so that the laser welding portion
7 (see FI1G. 2) 1s formed around the opening portion 11/ to
{1x, to the first housing component 11, both of the main body
2 and the outer peripheral portion of the porous resin sheet
that projects outwardly from the main body 2. In this laser
irradiating step, the gas-permeable membrane 6 and the first
housing component 11 are irradiated with the laser beam via
the light-transmissive j1g 9. Since the opening portion 9/ for
heat radiation 1s formed in the light-transmissive jig 9,
excess heat can be dissipated through this opening portion
9/. As aresult, a required minimum size of the laser welding
portion 7 can be formed, and the gas-permeable membrane
6 can be prevented from being damaged.

In the laser irradiating step, the area irradiated with the
laser beam LB 1s controlled so that the laser welding portion
7 1s formed 360 degrees around the opening portion 11/ of
the first housing component 11. As a result, the vent structure
shown 1n FIG. 2 can be manufactured.

In the laser wrradiating step, a first irradiating step for
forming the inner periphery welding portion 4 of the laser
welding portion 7 between the first housing component 11
and the main body 2 1s carried out. Furthermore, a second
irradiating step for forming the outer periphery welding
portion 14 of the laser welding portion 7 between the first
housing component 11 and the outer peripheral portion 3g of
the porous resin sheet 3 1s carmed out. Thus, the vent
structure shown 1n FIG. 2 1s obtained. The order of the first
irradiating step and the second 1rradiating step 1s not limited,
and they may be carried out simultaneously.

The conditions of the laser welding may be adjusted 1n
taking into consideration the reduction of damage to the
gas-permeable membrane 6. For example, the conditions can
be adjusted as follows: laser power of 10 to 300 W (or 20 to
50 W); laser wavelength of 600 to 1100 nm (or 800 to 950
nm); and welding time of 0.05 to 5.0 seconds (or 0.1 to 1.5
seconds). The type of the laser 1s not particularly limited. A
gas laser such as a CO, laser or an excimer laser may be
used. A solid-state laser such as a YAG laser (yttrium
aluminum garnet laser) also may be used.

The vent structure 13 also may be manufactured in the
order shown 1n FIGS. SA to 5C. Specifically, the step of
placing the gas-permeable membrane 6 on the opening
portion 11/ of the first housing component 11 1s divided 1nto:
a first placing step of placing the main body 2 of the
gas-permeable membrane 6 on the opening portion 11/ of
the first housing component 11; and a second placing step of
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placing the porous resin sheet 3 on the opening portion 11/
of the first housing component 11 to cover the main body 2.
More specifically, the first placing step, the first 1rradiating

step of forming the mnner periphery welding portion 4 (FIG.
5A), the second placing step (FIG. 5B), and the second
irradiating step of forming the outer periphery welding
portion 14 (FIG. 5C) are carried out 1n this order. According
to this order, the main body 2 and the porous resin sheet 3
can be positioned individually with respect to the first
housing component 11. Therefore, the positioning accuracy
1s improved. In addition, the manufacture of the vent struc-
ture 1s automated easily.

(Modification)

A vent structure 23 shown in FIG. 6 also achieves the
same advantageous eflects as the vent structure 13 shown 1n
FIG. 2 does. Specifically, in the vent structure 23, a laser
welding portion 24 1s formed to straddle the boundary
between the main body 2 and the porous resin sheet 3 1n the
in-plane direction. The laser welding portion 24 has a ring
shape 1n a plan view, and 1s formed along the outer edge of
the main body 2.

Second Embodiment

As shown 1 FIG. 7, a gas-permeable membrane 17 used
in a vent structure 33 of the present embodiment has the
main body 2 including the fluororesin film 2a; and a porous
resin sheet 15 provided on one side of the main body 2. The
porous resin sheet 15 and the main body 2 have the same
area. The porous resin sheet 15 1s made of the same material
and has the same properties as those of the porous resin sheet
described 1n the first embodiment. The laser welding 4 1s
formed between the first housing component 11 and the
main body 2.

A gas-permeable membrane 27 used in a vent structure 43
shown 1 FIG. 8 1s provided with the porous resin sheets 15
on both sides of the main body 2. In the gas-permeable
membranes 17 and 27, the main body 2 and the porous resin
sheets 15 are integrated by heat lamination. Therefore, they
are handled easily when the laser welding step is carried out.

Next, the manufacturing method of the vent structure
shown 1n FIG. 7 will be described below.

As shown 1n FIG. 9A, the gas-permeable membrane 17 1s
placed on the opening portion 11/~ of the first housing
component 11. As shown in FIG. 9B, the gas-permeable
membrane 17 1s pressed with the light-transmissive j1g 9 so
that the gas-permeable membrane 17 1s brought into close
contact with the first housing component 11. As shown 1n
FIG. 9C, the interface between the first housing component
11 and the gas-permeable membrane 17 1s irradiated with a
laser beam LB so that the laser welding portion 4 1s formed
around the opening portion 11/%. This procedure 1s performed
in the same manner as described in the first embodiment.

EXAMPLES

In order to ascertain the effects of the present invention,
the following samples were prepared and subjected to the
performance test (high-pressure car wash test).

(Sample 1)

A vent structure shown 1n FIG. 2 was produced. First, a
main body (TEMISH (registered trademark) NTF2131A-
S06, manufactured by Nitto Denko Corporation: thickness
of 0.2 mm; ¢$10 mm) and a porous resin sheet (SUNMAP
(registered trademark) LC-T, manufactured by Nitto Denko
Corporation: thickness of 1.0 mm; ¢13 mm) were prepared.
These main body and porous resin sheet were laser-welded
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to a black housing component made of polybutylene
terephthalate by the method described with reference to

FIGS. 4A to 4C.
(Sample 2)

A vent structure shown in FIG. 7 was produced. First, the
main body used in Sample 1 and a porous resin sheet
(SUNMAP (registered trademark) LC-T, manufactured by
Nitto Denko Corporation: thickness of 1.0 mm; ¢$10 mm)
were laminated by heat lamination to obtain a gas-permeable
membrane. Next, this gas-permeable membrane was laser-

welded to the housing component used 1n Sample 1 by the
method described with reference to FIG. 9.
(Sample 3)

A gas-permeable membrane (TEMISH (registered trade-
mark) NTF2131A-506, manufactured by Nitto Denko Cor-
poration: thickness of 0.2 mm; ¢10 mm) was laser-welded
directly to a black housing component made of polybutylene
terephthalate.
<<High-Pressure Car Wash Test>>

A high-pressure car wash test was performed on the vent
structures of Samples 1 to 3. A high-pressure car wash test
1s a test 1n which, as shown in FIG. 10, water 1s sprayed at
cach of the vent structures from a nozzle 80 while adjusting
the angle of the nozzle to 0°, 30°, 60°, and 90° respectively
with respect to the vent structure so as to determine whether
water entered the housing or not. The conditions of water
injection from the nozzle 80 were as follows:

Injection pressure: 8 MPa

Water temperature: 380° C.

Time: 30 seconds at one angle (about 120 seconds 1n total )

Flow rate: 14 liter/min
<<Result>>

No water entered the housings of Samples 1 and 2 even
alter they underwent the high-pressure car wash test. On the
other hand, a little water entered the housing of Sample 3.

The present mnvention can be applied to automobile com-
ponents such as lamps, motors, sensors, switches, ECUSs,
and gear boxes. In addition to such automobile components,
the present 1nvention also can be applied to electric appli-
ances such as mobile communication devices, cameras,
clectric shavers, electric toothbrushes, and washing
machines ({for example, humidity sensors).

The mvention may be embodied 1n other forms without
departing from the spirit or essential characteristics thereof.
The embodiments disclosed 1n this specification are to be
considered 1n all respects as 1llustrative and not limiting. The
scope of the mvention 1s imndicated by the appended claims
rather than by the foregoing description, and all changes
which come within the meaning and range of equivalency of
the claims are intended to be embraced therein.

What 1s claimed 1s:

1. A vent structure comprising:

a resin component having an opening portion for venti-
lation;

a gas-permeable membrane that 1s attached to the resin
component to close the opening portion, the gas-per-
meable membrane having: a main body including a
fluororesin film and a reinforcing member laminated
with the fluororesin film by welding or bonding; and a
porous resin sheet that 1s laid on the main body; and

a laser welding portion that 1s formed around the opening
portion to lie between the resin component and the
gas-permeable membrane and that joins the resin com-
ponent with the gas-permeable membrane,

wherein the reinforcing member comprises a woven fab-
ric, a nonwoven fabric, a net, or a mesh,
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the porous resin sheet 1s located on a surface side of the

vent structure,

when the gas-permeable membrane 1s viewed 1n a plane,

an area ol the porous resin sheet 1s larger than an area
of the main body and the main body 1s fitted entirely 1n
the porous resin sheet,
the porous resin sheet has an outer peripheral portion that
projects outwardly from an outer peripheral edge of the
main body 1n an in-plane direction perpendicular to the
thickness direction of the gas-permeable membrane,

both of the main body and the outer peripheral portion of
the porous resin sheet are fixed directly to a first portion
of the surface of the resin component and a second
portion of a surface of the resin component respectively
by the laser welding portion, and the first portion 1is
different from the second portion, and

a thickness of the porous resin sheet 1s greater than that of

the main body.

2. The vent structure according to claim 1, wherein the
porous resin sheet 1s an ultra-high molecular weight poly-
cthylene porous sheet.

3. The vent structure according to claim 1, wherein the
resin component 1s a molded article of a resin having a lower
melting point than a fluororesin that constitutes the fluo-
roresin {ilm.

4. The vent structure according to claim 1, wherein

the laser welding portion has a double ring shape 1n a plan

VIEW.

5. The vent structure according to claim 4, wherein

the porous resin sheet 1s provided on only one side of the

main body, and

the laser welding portion includes: an inner periphery

welding portion that 1s formed between the resin com-
ponent and the main body; and an outer periphery
welding portion that 1s formed between the resin com-
ponent and the outer peripheral portion of the porous
resin sheet.

6. The vent structure according to claim 1, wherein the
laser welding portion 1s formed so as to straddle a boundary
between the main body and the porous resin sheet in the
in-plane direction.

7. The vent structure according to claim 1, wherein the
porous resin sheet comprises a recess facing the opening
portion, and the main body 1s fitted 1n the recess.

8. The vent structure according to claim 1, wherein the
reinforcing member of the main body 1s welded to the resin
component.

9. The vent structure according to claim 1, wherein the
first portion of the surface of the surface of the resin
component and the second portion of the surface of the resin
component are on a same plane.

10. A method of manufacturing a vent structure including:
a resin component having an opening portion for ventilation;
and a gas-permeable membrane that 1s attached to the resin
component to close the opening portion, wherein the gas-
permeable membrane has: a main body including a fluo-
roresin film and a reinforcing member laminated with the
fluororesin film by welding or bonding; and a porous resin
sheet that 1s laid on the main body, the method comprising
the steps of:

placing the gas-permeable membrane on the opening

portion of the resin component so that the porous resin
sheet 15 located on a surface side of the vent structure
to be manufactured; and

irradiating an 1nterface between the resin component and

the gas-permeable membrane with a laser beam so that
a laser welding portion 1s formed around the opening
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portion to fix directly, to the resin component, both of
the main body and an outer peripheral portion of the
porous resin sheet that projects outwardly from an outer
peripheral edge of the main body in an in-plane direc-
tion perpendicular to a thickness direction of the gas-
permeable membrane,

wherein the reinforcing member comprises a woven fab-

ric, a nonwoven fabric, a net, or a mesh,

when the gas-permeable membrane 1s viewed 1n a plane,

an area of the porous resin sheet 1s larger than an area
of the main body and the main body 1s fitted entirely 1n
the porous resin sheet,

in the rradiating step, both of the main body and the outer

peripheral portion of the porous resin sheet are fixed
directly to a first portion of a surface of the resin
component and a second portion of the surface of the
resin component respectively by the laser welding
portion and the first portion 1s different from the second
portion, and

a thickness of the porous resin sheet 1s greater than that of

the main body.

11. The method of manufacturing a vent structure accord-
ing to claim 10, wherein

in the placing step, a light-transmissive jig having an

opening portion for heat radiation 1s used as a j1g for
maintaining a positional relationship between the gas-
permeable membrane and the resin component, and the
gas-permeable membrane 1s sandwiched between the
light-transmissive jig and the resin component so that
the gas-permeable membrane 1s exposed through the
opening portion of the light-transmissive jig, and

in the laser wrradiating step, the gas-permeable membrane

and the resin component are mrradiated with the laser
beam that has passed through the light-transmissive jig.

12. The method of manufacturing a vent structure accord-
ing to claim 10, wherein the porous resin sheet 1s an
ultra-high molecular weight polyethylene porous sheet.

13. The method of manufacturing a vent structure accord-
ing to claim 10, wherein

the porous resin sheet 1s provided on only one side of the

main body, and

the laser 1irradiating step comprises: a first irradiating step

of forming an inner periphery welding portion as the
laser welding portion between the resin component and
the main body; and a second 1rradiating step of forming
an outer periphery welding portion as the laser welding
portion between the resin component and the outer
peripheral portion of the porous resin sheet.

14. The method of manufacturing a vent structure accord-
ing to claim 10, wherein 1n the laser irradiating step, the laser
welding portion 1s formed so as to straddle a boundary
between the main body and the porous resin sheet 1n the
in-plane direction.

15. The method of manufacturing a vent structure accord-
ing to claim 10, wherein the porous resin sheet comprises a
recess facing the opening portion, and the main body 1s fitted
in the recess.

16. The method of manufacturing a vent structure accord-
ing to claim 10, wherein the reinforcing member of the main
body 1s welded to the resin component.

17. The method of manufacturing a vent structure accord-
ing to claim 10, wherein the first portion of the surface of the
resin component and the second portion of the surface of the
resin component are on a same plane.

18. A vent structure comprising:

a resin component having an opening portion for venti-

lation;
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a gas-permeable membrane that 1s attached to the resin
component to close the opening portion, the gas-per-
meable membrane having: a main body including a
fluororesin film; and a porous resin sheet that 1s laid on
the main body; and

a laser welding portion that 1s formed around the opening
portion to lie between the resin component and the
gas-permeable membrane and that joins the resin com-
ponent with the gas-permeable membrane,

wherein the porous resin sheet 1s located on a surface side
of the vent structure,

when the gas-permeable membrane 1s viewed 1n a plane,
an area ol the porous resin sheet 1s larger than an area
of the main body and the main body 1s fitted entirely 1n
the porous resin sheet,

the porous resin sheet has an outer peripheral portion that
projects outwardly from an outer peripheral edge of the
main body 1n an 1n-plane direction perpendicular to a
thickness direction of the gas-permeable membrane,

both of the main body and the outer peripheral portion of
the porous resin sheet are fixed directly to a first portion
of the surface of the resin component and a second
portion of the surface of the resin component respec-
tively by the laser welding portion, and the first portion
1s different from the second portion,

the first portion of the surface of the resin component and
the second portion of the surface of the resin compo-
nent are on a same plane, and

a thickness of the porous resin sheet 1s greater than that of
the main body.
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